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BACKGROUND 

Social Class and Rcademxc Achievement . 

Ideally, the institution of schooling should encourage academe progress ir^ 
students regardless of their family background or their race or ethnicity. 
Houever, the positive relationship betueen social class (SES) and academe 
achievement, exemplified by the correlation betueen these tuo factors, has been 
uell documented. Uhite (138Z) summarized over Z00 studies uhich examine this 
question. At the student level, U^Jlte found the average relationship betueen 
SES and achievement to be .ZZ, but the same relationship using data aggregated 
to the school level jumped to .73. The higher relationship among schools than 
students is chiefly a statistical artifact of aggregation. 

Several researchers have shoun thai this relationship is less strong among 
students uho attend Catholic secondary schools than their counterparts in pii'jl ^ 
rchools (Coleman, Hoffer & Kilgore, 198Z; Hoffer, Greeley & Coleman, 1S85; Lee 
1985). This finding forms the b^sis of Coleman et al . ' s often cited claim tliat 
today's Catholic schools more closely resemble the traditional American concept 
of "the common school'* than do contemporary schools in the public sector. 
Corresponding analyses uhich compare the relationship betueen minority group 
status and academic achievement in the tuo school sectors have ^^imilarly found 
ueaker relationship among Catholic than public high school students (Greeley, 
138Z; Keith & Page. 1385; Lee. 1985). 

Although the fact that Catholic high schools seem to induce high academ i 
outcomes among a broader social and racial distribution of 5iudents i3 an 
interesting phenomenon in itself, by far the more compell)-'g educational pur::le 
involves discovering exactly uhy this seems to be the case. Preci^^ely uhdt it 
IS about the characteristics and practices of schools in the Catholic sector 
i.ihich enables them to foster academic achievement in a manner uhich is 
relatively unrelated to the social stratification of their student::.'^ Of *,o(jr so 
investigation of this question falls into a broader category of edurationdl 
inquiry uhich could be summarized by asking, "Hou do schools affert their 
students'?" A neu method to ansuer this type of question is explored in (his 
paper, and a specific investigation of some characteristics and practKe-. (>f 
Catholic and public schools uhich relate to sector differen<:es in the ^o< i^ii 
distribution of academic achievement is undertaken. 
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The Hierarchical Nature of School Researc h . 

Hou schooling effects students is by definition a multilevel question. 
Researchers have been critical o^ educational research uhich draus conclusions 
at ut the effects of specific pedagogical programs on the basis of aggregated, 
rather than individual data (Haney, 1980; Burstein, 1978; Murndne , 1885; 
Burstein and Miller, 1981). These researchers suggest that in most cases the 
individual student is the appropriate analycic unit for study of educational 
processes and programs, since it is change in individuals +0 uhich such 
processes and prog-^ams are directed. In fact, inducMig individual change is 
qu 1 te 1 ngrai ned in the Rmer ican cultural philosophy, according to Dam el Bel 1 . 
He urites: "The principle of equality of opportunity derives from a fundamental 
tenet of classic liberalism: that the individual and not the family, the 
rommunity, or the state is the basic unit of society" (Dell, 197Z:Z0). 
Houever , there are certainly instances in uhich study of groups (especially 
schools or classrooms) is both logical and appropriate. 

Regardless of the theoretical reason for selecting one or anothier unit for 
analytic focus in educational research, it is seldom the case that grouped and 
ungrouped estimates of the same parameter are equal. For example, the effe<::t of 
average social class on average achievement uas shoun by White (193Z) to be much 
stronger than the same relationship at the individual level. In fact, Burstein 
(1978) suggests four separate tests to determine whether aggregated results 
produce biased estimates of individual effects, and comes to the conclusion that 
only under very specific (and unlikely) circumstances can aggregated results be 
considered unbiased (See Note 1). Additionally, these difficulties are much 
more serious uhen they are applied to non-experimental or naturalistic studies 
uhere assignment to groups has not been made at random. The nature of 
educational treatment and research is very largely non-experimental. The Huih 
Sc hool and Beyond (H'S&B) study represents an especially fine example of oUch 
non-experimental educational data. Yet its non-experimental nature makes eith("r 
aggregation or disaggregation problematic for studying cross-unit pro(. esses . 

Clearly, to present an accurate conceptual picture of the particular ri'^iture 
oF the schooling process being addressed in this paper, recognition oF the fact 
that students experience schooling in groups is essential. Methodologically Find 
'.substantively, such recognition requires accounting for the frv;t thr.^t siudent'i 
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uithin the same school are not independent of one another, and that most 
educational relationships have both ui thi n~school and between~r> hool components. 
An adequate representation of the schooling process can be constructed only by 
considering its hierarchical nature. Houever , such considerations present both 
conceptual and methodological difficulties to researchers. Burstein and Miller 
believe that "...the major technical complication in the analysis of multilevel 
data from quasi-exper iments. . . i s the inability of educational researchers lo 
develop adequat e . . . methodol ogy for analyzing the educational effects of 
[educational] processes Euithin groups]" (Burstein and Miller, 1981 M9B) 

Constructing meaningful conceptual models about the process of schooling 15 
therefore more complicated than sinpling choosing either student, classroom, or 
school as the analytic unit. Important phenomena place at all three 

levels, in what is essentially a hierarchical structure -- especially, students 
nested uithin schools. Therefore, ue are faced uith a two-level h i er arach icai 
model: students grouped in schools. 

The critical problem uith this sort of model, according to Burstein and 
Miller (1981), "is that educational treatments are not administered 
independently to individuals" (p. Z04). This non- i ndependence they call 
"interclass correlation." Until recently, research had been restricted to 
considering either betueen-st udent or bet ueen- school data, the latter often 
consisting of both school-level variables (school size, per-pupil expenditure, 
tbtudent- teacher ratios, or specific school rules, for example) and aggregates of 
student- level variables (e.g. school mean achievement, average time speni on 
homeuork , or mean number of math courses taken). The difficulty of such 
single-level research is that it reqires one of tuo assumptions. fW: the student 
level, the assumption is that the interclass correlation is zero (i.e. that 
students react to an educational treatment completely independent of one 
another). On the other hand, school-level analysis assumes that the interclass 
correlation is total, that treatment is identical for all students in the 
school. Neither assumption is plausible. 

This presents researchers uith a particularly difficult problen: conbirimrj 
more than one unit nto a single analysis. Some studies have included 
aggregates oT student data (e.g. the average 5E5 of students in a particulcir 
'school or the percent minority enrollment of the student body) in s tudent - 1 twel 
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analysis (Alexander, flcDill, Fennesy & D'Anico 1979; Bryk , Holland, Lee & 
Carnedo 1984; Hoffer et al . , 1985; Uillms, 1984). This approach has been 
both encouraging and someuhat disappointing. It is encouraging that researchers 
have begun to consider ui thin-qroup , or contextual, effects on individual 
outcomes. It seems logical that different combinations of institutional 
practices in schools result in varying distributions of educational outcomes for 
students uith similar background characteristics. This sort of research is 
directed at assessing the effects of school^uide practices and descriptive 
characteristics on individual students uithin those schools. However, research 
results have generally found such school-level effects to be ueak , particularly 
uhen compared to the disaggregated version of the same variables. Rle?<ander et 
al . (1979) conclude that average social class is not a strong contextual 
determinant of educational aspirations in comparison to individual SES. Bryk et 
al . (19t4) found schocl social claso to be ueaKer than student ^ES in predi(:tinQ 
achievement at sophomore and senior year. Recall that Coleman, Campbell, 
Hobsop, McPartland, Mood, Ueinfeld & York (19GG) and Jencks, Smith, Rcland, 
Bane, Cohen, Gintis, Heyns & Michelson ( 1 97Z ) reported essentially the same 
phenomenon in their landmark studies on equal educational opportunity. 

Besides evaluating the effects of specific school institutional 
characteristics and practices on mean student performance, some researchers have 
suggested that specific rel at lonsh ips uithin schools be considered as dependent 
variables in school-level analyses. An example of such a research question, in 
fact the one addressed in this paper, might be phrased as follous: "Uhat is the 
effect of differences in specific curriculum policies, conte^^t, or school 
climate betueen schools on the relationship between social class and academic 
achievement uithin each school'?" Such a question requires a r econcep t ual i za t ion 
of schocl outcomes, traditionally seen as means of indivdual behaviors, into 
consider i3t 1 on of uithin-school regression coefficients as dependent variables m 
betueen-school modsls. Although Burstein and Miller (1981) suggest 
consideration of the slopes-as-outcomes concept, they point out certain 
methodological difficulties in this approach. The major difficulty of this 
interesting concept is that estimation of regression slopes is oftsn done uith d 
great deal of error, particularly if uithin-school group sample si^es are small. 
There is considerably more error involved in estij^iating group regression slopes 
than group means. The difficulty in using these slopes as outcomes of 
school-level analyses is being able to separate the variation j n the slope into 
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its "real" and "random error" components ~- yet another example o+ the ci'=iseic 
statistical problem of distinguishing "signal from noise." 

Rlthough many educational researchers have recognized the need for 
multilevel analysis of educational research, they have often issued cautionary 
statements about the methodological difficulties involved. Houever , there are 
several statisticans uho have addressed these difficulties (especially Lindley 
and Smith, 197Z; Mason, Uong and Entuisle, 1984). Mason et al . (1L84) detail 
the statistical models for a tuo^stage process. In these models, the first 
stage (the micro model ) is a linear equation uithin each unit in uhich a vector 
of predictor variables is regressed on a single outcome. The regression 
coefficients from the micro model, including the intercept term or regression 
constant, become dependent variables in the second stage, or macro model. The 
macro model is a series of equations on that set of regression coefficients 
betueen units. The vector of independent variables in the macro model are 
group-level predictors. Certain distributional assumptions ere made about these 
models, particularly that the error terms are both independent and normally 
distributed both betueen and uithm contexts (i.e. groups). In order to 
estimate the parameters of these models at both the micro and macro levels, 
these researchers recommend using "estricted maximum likelihood estimation 
procedures, which employ a Bayesian apprc:^ch (See Note Z). The advantage of 
the restricted maximum likelihood estimation procedure is that the estimates of 
error variance are generally smaller than uith OLS regression, even tjjo-stage 
least squares. 

Hierarchical Linear Modeling . Raudenbush and Bryk ( 1986) have detailed the 
si opes-as-outcomes approach for the analysis of edtcational described above in a 
procedure they call hierarchical linear modeling (HLM). it 15 their eKr3ct 
methodology (including their HLM program) uhich has been employed for the 
analysis in this paper. Although their paper is primarily a methodological 
e;<position of the hierarchical approach to analysis of the effects of iichO(^ls on 
students, they have chosen as a descriptive example of the procedure a 
re-analysis of Coleman et al . ' s 198Z exploration of +he "common school eii^ci." 
Rlthough they do not challenge Coleman's conclusions, they speculate on the 
potentially spurious results uhich can result from single-ijnit analysis, ^irice 
the potential effects of the school as a sociological un3 L ij*»re jynorod m 
Coleman et al . ' s analyses. 
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Pnor research uhich attempted the tuo-stage approach implied by 
slopes- as-outcomes methodology has not been free of difficulties, according to 
Raudenbush and Bryk. The primary difficulty, as stated above, is the greater 
variability in the estimation of regression coefficients than of sample means. 
The error variance of slopes is further increased if the variation in the firc*t 
stage between the tuo variables for uhich the slope is to be computed (e.g. 
achievement and SES) is constrained uithin units. It is highly probable that 
individual schools are more homogeneous uith respect to SES, for example. If 
the sanpliiiL^ precision for slopes varies across units, aloo highly probable in 
school research, the basic assumption of OLS of homogeneity of variance has been 
violated. In fact, the variability in slopes should be divided into tuo 
components variance of the parameter itself and variance due to sampling 
error. The essence of the hierarchical linear modeling procedure involves 
partitioning that variance of first-stage regression slopes into its parameter 
and sampling components, and estimating only the parameter variance as 
accurately as possible. This alloub the effects of second-r^ tage < school - 1 evel ) 
predictors of those slopes to be mor^ accurately estimated than in previous 
research using this approach. Generally, this means that school effects uiill be? 
1 arger . 

The estimation of first staye (i.e. uithi n-school ) regression ^-joef f i ci en t s 
uith reduced error variance is accomplished by using a Bayesian estimation 
procedure uhich ueights the estimate of the regression slope by i + 
"reliability." The reliability coefficients, or weights, are computed by 
comparing the initial estimates of the slope for each school to the estimate of 
the mean slope across all schools. If the initial estimate of the slope le^b 
reliable, it is ueighted doun and the group slope is weighted more. This 
procedure, called Empirical Bayes estima+ion, is an iterative process u^iruj t tie 
EM algorithm explained by Dempster, Laird, and Rubin (1977) 3nd based on l.itidley 
and Smith 5 seminal work. Using maximum likelihood estimation (MLE) methods to 
compute variances for these slopes, successively smaller MLIi «^ of variances are 
entered into estimation equation? until convergence is reached. fhe advantage 
of this procedure lies in the reduction of variance of the estimates of 
regression slopes (and intercept), maximizing whatever iriformatjon \. 
rjvai ] abl e. 
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The procedure allous the use of statistical inference in significance 
testing of parameter estimates, for both the first- ( ui th i n- -,Ghool ) and 
second^stage ( bet ueen-school ) models. Since regression slopes are estimated 
more accurately than in previous expositions of this approc'ch , estimates of the 
effects of school^level variables on these slopes uill usually be stronger thar) 
those found in previous uork . Rl though this methodology appears to be ideally 
suited to the question addressed by this paper, there are certain limitations to 
its appl 1 c£it ion . Under ordinary circumstances, it is necessary to have adequate 
sample sizes at both stages. Houever , a recent program development allous users 
to produce rdbust analyses of regression coefficients for each school even if 
sample sizes are someuhat limited uithin each school, using a mixed-model 
approach uith additional Bayesian estimation procedurts (Braun, Jones, Rubin 
Thayer, 1983). The second stage analyses require that a sufficient number of 
schools are sampled. In fact, in the analyses for this paper uhich use data from 
HS'^'B, adequate data are provided at both stages, since up to 7Z students uere 
sampled m each of over t,000 schools. Under such sampling procedures, 
ui thi n-school regressions uill be considerably simpler (i.e, use feuer 
independent variables) than those betueen schools. 



METHOD 

Sample and Data 

The sample used for HLM analyses in this paper is draun fron both the 
base-year (1980) and first follou-up (1987) from High S chool and Be/ ond, 
The sample includes all Catholic high schools (n=83) and a random sample of 
public high schools (n=77), for a total sample of 160 schools. The 
student-level sample employs the entire set of students selected in the bat>e 
year of HS&B i.e. both sophomores and seniors in that year. This oarjplif)g 
plan uas selected to maximize the ui th i n-school sample sii:e, in order to produce 
maximally robust estimates of the slopes and intercepts uhich conpiMr.e 
first-stage parameters. Since it is important to have equivalent ach i ener^ t 
ancJ other information on students uho uere not equivalent at the tine they t.jer e 
originally sampled, I have used achievement and course-enrollment mformatjon on 
all students at their senior year . This means that for 1980 sophomore, that 
data came from 1982 follou-up information, uhereas for 1980 oeniort. the feiovant 
data uere gathered at the base year. Background data (i.e. nirioruty -status. 
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SES, and academic background) uere those supplied by students at the bdse year. 
Math achievement test scores uere equaled to the sane scale by using IR^ ( item 
response theory) scaling, the same procedure used by Hilton, Rock, Ekstron, 
Goertz . and Pollack (1984) in their comparison of I9B0 seniors from HSIiD lji Ih 
I37Z seniors from NLS (National Longitudinal Study). Therefore, math 
achievement information is on a slightly different (but highly correlated) scale 
from other research uhich uses the HS&B math tests (See Note 3). 

The HLM Program 

Hierarchical linear modeling analysis proceedb in three steps. Rt the first 
step, the program reads the rau data at both the student- and schoo 1 - 1 eve 1 s , 
uith school identification number as the cross-referencing variable. R matrix 
of sums of squares and cross products for each school is computed, along with 
the means and variances for each variable for students in that school. Rttached 
to that matrix are the values for each school-level variable. Users have thie 
option of listuise or pairuise deletion of missing data for the Gross-product 
natrix. Pairuise deletion of missing data uas selected for these analyses m 
order to maximize the sample size for each computation. Uith pairuise deletion, 
a natrix of sample sizes is attached to the other data for each school. The 
program urites out a matrix uhich contains the data just described for ea^h of 
the 160 schools: student- 1 evei means and standard deviations, the Gr<;ss- product 
matrix, a matrix of sample sizes used for the pairuise computations, and values 
of school-level variables. Users have the option of selecting uhich student- 
and school~level variables they uould like to include in these matrices. 

For schools uhere there is missing data on selected first-stage variablet>, 
the mxed-model method of constructing these matrices may be selected, usiiig a 
Bayesian estimation method. Schools for uhich there is no variatioii lu selected 
first-stage variables are dropped from the analysis. For example, in the^e 
analyses I have selected minority status (either black or Hispanic) as a 
ui t hin-school factor. Houever, there are some schools ir; HSliB uhich have very 
feu or no minority students, and others uhich enroll only lUnori + y stuLletifv. 
Since there xs virtually no variation on minority status fur those school/,, ri 
regression coefficient for minority status on math achievement cannot be 
estimated for that school, which results in that "case" beinu eliminated. Ftie 
tjpecific reason is that the var lance-covar lance matrix caririot be inverted lor 
^uch d school, since it is not of lull rank. 
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The second step of the HLM program includes the computation of actual 
uithm-unit parameter estimates. The program reads m the entire cross-product 
matrix just described, and computes MLE estimates from that matrix, using an 
iterative procedure. In this uay, the considerable computer time necessary to 
compute the matrix is not duplicated for every model variation. Users have the 
option of specifying the number of iterations desired. Almost all computations 
for this paper have used five icerations, as it u-'is found that convergance was 
very close at that point. In any single HLM run, users specify a set of first- 
and second-stage variables. Ir its current form, the program is limited to six 
independent variables for uithin-unit regressions at the first stage. Since 
HS&B sample sizes uithin schools range from about 40 to 11 cases (average: GZ ) , 
this limitation does not constrain analyses for these data. 

In the third step of the HLM procedure, the outputs from the first stage 
regressions (called "beta-hat's") become the dependent variables in the second 
stage analyses: a vector of means (intercepts) and vectors of slopes of each 
ujithin-school predictor on the dependent variable. Uithm the same HLM run, 
users are able to specify which second-stage variables should be regressed on 
each of the first-stage outputs: means and slopes. In its current version, the 
program is limited to six second-stage predictors. Houever , users may specify 
different models for each of the second-stage dependent variables. Users have 
the option of requesting many different pieces of information m the computer 
output: the slopes and intercepts for each school (the beta-hat's), Duccessive 
estimates of the second-stage parameters from each iteration (called 
"gamma-hat's"), and estimates of the variance nat^-ices (called "V" for the error 
variance and "tau*' for the parameter variance). 

There are tuo essential components of the HLM program's computer output: (1; 
a table cf gamma (») estimates (the final second-ii tage parameters) uith their 
standard errors, test (Z) statistics, and significance levels; and il) a table 
of estimated paramater variances for each of the first- stage output variabler. 
(an intercept and one or more slopes), along uith their degrees of freedoin, tv^st 
statistic (X ), and significance level of each variance. By conparmg these 
estimated parameter variar.,-es for first-stage outputs in different second-stdqe 
'^<^dels, it IS possible to compute uhat amounts to a change in vdrian<:e e^pldined 
(R ) for a group of second-stage variables. This is equivalent to de::.cr ib 1 1 ig 
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the amount of variance on a particular tJi th in- school j^aranet thcii 13 e<pla>r»':d 
by betueen- school faciv:>r5. 

Rnalytic Models 

The analyses for this paper employ tuo first-stage models. The first hcib 
minority status (coded 1 for minorities, '0 for uhites, called MNRTY80), 
social class (called 5ES), and acaJemic background (RCDBKGD) regressed on math 
achievement (called IRTMATH, or BBSE ) (See Note 4). The second u 1 th 1 n- school 
model employs the sum of years academic math completed by students (Algebra I, 
Geometry, Algebra II, Trigonometry, Calculus) as the dependent variable 
(f^^THEMPH), uith the same independent variables: ninor"''-y status, SES, and 
academic background. For both first-stage models, second-stage models ijere 
constructed to systematically search for school variables uhich have a 
significant effect on either the intercepts or slopes from fir^st stage modelr,. 
The intercepts, the minority-slopes, and and SES-slopes for achievement and 
course- tak 1 ng are the first-stage parameters of special interest. The f>et of 
second-stage models uere slightly altered for the tuo first-stage models. That 
IS, analyses investigated the effect of several school~level factors on both 
intercepts and slopes. 

The tuo-stage models used for HLM illustrate the general ectimation 
procedure. R typical first-stage (i.e. individual regressions betueen students 
ujithm each school in the sample) is the follouing: 

Math = Minority + Social + Rcademic (Model 1) 

Achievement Status Class Background 

This model uill provide estimates of four parameters for ea<jh tjchool , each of 
uhich uill be adjusted for all other indep^^ndent variables in the modd : ( 1 ' 
mean math achievement (call it Base ); (2) a regression slope of minorMty 
status on math achievement (Slope I); (3) a regression slope of SES on i^ath 
achievement (Slope 2); and (4) a regression slope of academic backyround ofi 
math achievement (Slope 3). These parameter estimates, uhich describe t^he 

lationships uithin each school, vary considerably ac ros s school^^. In order to 
estimate the second-stage HLM parameters (equivalent to regression coefficients 
for school variables), the progran uses the fir^st-stage parametei^s as dependi^nt 
measures, i.)ith independent variables uhich measure jchooi descriptivij and 
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composition characteristics. R representative set o^^ second-stdge models niqhl 
oe the follouing: 



Base R 



Sector + Rverage SES + % Minority Enrollment 



^ Model 2) 



Slope 1 



Sector + Rverage SES + Z Minority Enrollment 



Model 3) 



Slope 2 



Sector + Rverage SES + Z Minority EnroJ.ment 



(Model 4) 



Slope 5 = Sector + Rverage SES + X Minority Enrollment 



(Model 5) 



Results from Models Z, 3, 4, and 5 provide school-level parameter estinales 
of the effect of sector, average social class, and percent minority enrollment 
in the school on each of the uithin-school parameters. R^ though it seems 
advisable to adjust first-stage estimates for academic br.ckgr ound , I have 
chosen not to discuss the slope of academic background on achievement in 
this paper. Model Z answers the question, "Uhich school characteristics predict 
average math achievement?" Model 4 provides information on the follouing 
question: "Uhich school characteristics predict the rel at i onship betueen social 
class and achievement across schools'?" Although the same school ■ 1 evel models 
have been selected for the four uithin-school outcomes for ease of illustration, 
there is no constrait uithin the program on using different second-scage 
variables in Models Z through 5. 

In substanti/e terms uhich relate to the questions addressed in this paper, 
ideal second-staQe variables uould evidence the follouing characteristics: 

o They uould shou a strong and positive relationship to average 

achievement (i.e. for Base R ) ; 
o They uould shou a positive relationship uith Slope 1. That is, c,^<:h 

variables uould relate positively to the r^el at lonshi p betueen minority 

status and achievement, adjus+ed for SES differences, 
o They uould shou a negative relationship uikh Slope Z. That i5, these 

variables uould relate to a louer slope betueen SES and achievement, 

uhich uould be more equalizing. Note that the ZLS relationship ha.:^ been 

adjusted for minority status (Note 5). 
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The overall purpose of this paper is tuo-fold. First, it 15 mean^ to 
demonstrate use of this program on -.n example of the sort of school effects 
question uhlch can best be addressed using HLM methodology To satisfy this 
fir-st purpose of demonstrating use of the program, models have been kepi 
reasonably simple. However, the second purpose of the paper 3S to investigate 
hou HLM multi-level causal modeling methods can ansuer the specific question of 
uhy Catholic schools seem to be more socially v^qualizing in the distribution of 
academic outcomes than public secondary schools. To satisfy this second 
purpose, many differert models I^ave been investigated, and model formation has 
b'^en more complex. In general, the analytic approach has involved the folloumg 
successive but separate analyses as second-stage models : 



(a) No second-stage variables (the unconditional model); 

(b) Catholic school sector, coded 1' for Catholic schools, ' Qi' for public 
schools (called SECTOR); 

(c) SECTOR and average school social class, aggregated from 

the 5tudent-level SES variable Jn each school (called RV5E5); 

(d) SECTOR, ftVSES, and a variable uhich sepcirated schools uJith 
high-mxnor i ty enrollment (called HIMTYSCL-^see Note G); 

(e) SECTOR, flVSES, HIMTYSCL, and a the numoei' of math courses oFfered in 
the school (called MATHOFF ) ; 

(f) Other combinations of school-level factors uhich have been demonstrated 
to differ considerably betueen public and Catholic schools. These 
include the number of math courses required for graduation in the 
academic track ( MATHREQ ) , school climate variables describing such 
things as discipline (DISCLIM), the lack oT academic emphasis in thje 
school ( AVLBCKBC ) , the average number of academic math courses studen+s 
take ( AVMTHEMP ) , and tne variability among students li math v^ourse 
enrollment ( SDMTHEMP ) . 



The second set of HLM models ^- using math course enrollnent as the 
first-stage outcome look very similar to those described in Model 1 thorugh 5 
above, except for a different Base' variable. However, less extensive analyses 
analyses for that outcome are included in this paper. Specifically, although 
the first-stage model is consistently similar to Model 1, second-stage models 
proceed only though steps (a) to (d) shoun above. The hierarchical lin';af' 
modeling program represents a major methodological development in analyzing fhe 
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effects of schools on their students. It is comput at i oncii 1 y conplex but 
conceptually straight f oruard. I believe that the use of the hierarchical I ] near 
modeling approach to the questions posed in this paper is a useful additiori to 
the tools availajle to educational researchers to look at hou schools affect 
student s. 

RESULTS 

An abbreviated form of the exact computer output for all analyses in this 
paper is presented in the Rppendix. These printouts include both the Gamma( » ) 
table, uhich lists the "regression" coefficients for second-stage analyses m 
each of the several models described above, and tables of estimated parameter 
variances for the intercepts and slopes, after taking the second-stage variables 
into account. Tables through describe the series of models using n^th 

achievement as the uithin-school dependent variable; Tables 1 -B through 4-B 
examine math course enrollment as the first-stage deoendent variable. All 
ui thin-school models regress minority status, social class, and academic 
background on those tuo outcomes. 

Hierarchical flodels on ^tath Achievement . Other research has confirmed that 
the relationship betueen sociel class and nath achievement is louer in Catholic 
than m public schools. Houever , unless slopes are flatter and intercepts r^re 
higher, a louer relationship betueen SES and achievement uouid indicate only 
that students in such schools uere uniformly doing poorly. Similarly, if 
minority status uere positively related to achievement, but mean achievement 
1 ou , this uould mean that students uere doing poorly uithough regard to 
race/ethnicit y . Therefore, a search for "ideal variables" involves trying to 
identify variables uhich shou a positive (and statistically significant) 
relationship to the intercept for achievement , a positive relationship uiih the 
minori ty/achievement slope, and a negative relationship uith the 
SES/achievement slope. Table 1 documents effect sizes (giver as garima 
coefficients as explained above) on both school mean math achievement (the 
intercept) and on the th^^ee slopes (minority status on achievement, SES on 
achievement, and academic background on achievement) for the ochool 5cctor 
variable under several different models. The metric for the gamma coefficients 
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IS unbt andardized; that is, the r'agnitude of the effects m in pojmI^ on a ridtfi 
achievement test. 



Since the 'sector' variable is coded 1' for Catholic -schools and 0 i or 
public schools, the gamna( * ) coefficient for this variable represents the 
Catholic school effect. In the first column of Table 1, ue can see that the 
mean achievement of Catholic schools is significantly higher (i.e. achievenent 
intercept) and that the "sector effect*' on tuo of the three slopes cHo 
positive and significant. There is a negligible Catholic school effect on the 
academic background/ achie ement slope. These results indicate that in this 
model, Catholic schools have higher average achievement than public schools, cas 
uell as a positive sector effect on tuo of the relationships (i.e. slopes) in 
question. These results are adjusted for student difference in race/ e thnic i t y , 
SES, and academic background between the tuo school sectors. We could conclude 
at this stage that although Catholic schools appear to produce high achi eve'^ent , 
on average, and induce higher achievement in minority students, once social 
class IS controlled, they also shoj a slightly higher SES/ ach i evement iopje, 

Ue know, however, that students in Catholic schools are of higher social 
class, on average. Therefore, ue should not evaluate the effect of school 
sector without having adjusted for those school social class differences. Hdving 
adjusted for social class uithin schools is not the same thing as adiustidQ for 
these average SES differences between schools . In fact, this is just uhat 
"social context" is all about. In one sense, the context effect can be fypifiijd 
as the int er act i on between student- and school^SES. Column 2 of fable 1 :^houj5 
the effect of adjusting the school sector effect for the averrige social <:las": 
differences between schools. The sector ef^act for average math achievement tias 
been reduced in magnitude, but is still highly significant (that is, the 
"Catholic school achievement advantage" is still present. Houever , the sector 
effect on the SES slope has changed direction, aHnough no longer s igri i f icnd.n t . 
That IS, once schools are equalized for average SES, or context dif f erericet, , iio 
Find that Catholic schools are still significantly higher in achievement ttu^n 
their public school counterparts, but the sector^ effect nou t^houb just 1 h<' ..rt 
of characteristics described above as ideal: positive on achievement, positive 
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(and close to significant) on the minority slope, and negative on tlie SES slope. 
Recall that this is after having adjusted, in first-stage regression's, for the 
differences in academic background betueen students. 

Ue knou that minority students are quite likely to be concentrated in 
high-minor ity enrollment schools, and that is particularly true in publit. 
schools (Coleman et al . , 1982). Therefore, adjusting for this additional 
characteristic of schools could change the sector e*,fect- Houever, intjoducing 
a further adjustment for this additional contextual characteristic of schools 
(compare the figures in Columns Z and 3 of Table 1) appears to have almost no 
additional effect on the Catholic sec+or effect, probably due to the fact that 
the tuo contextual variables are highly correlated. This uould indicate that 
even after controlling for the contextual variables of average SES and 
high-minor it y enrollment, uhich ue knou are considerably different across 
sectors. Catholic schools still appear to produce higher achievement, and to be 
moderately equalizing in terms of minority status, SES, and academic background. 

The addition of certain other variables uhich relat** to curriculum 
d. ferences in schools to the models (Columns 4 and 5) changes results jn an 
interesting uay. Other research (Bryk, et al . , 1984; Lee, 1985) has indicated 
tnat certain curricular differences betueen Catholic and public schools affect 
the social distribution of achievement in the tuo types of schools. 
Specifically, it appears that the more restricted curriculum offerings in 
Cathol ic high schools in fact leads students to take more academic courses 
uhich m turn induces higher academic achievement. The results shoun in Co] unn 
4, uhere the number of math courses offered in the school ( MRTHOFF ) is 
introduced, confirms these earlier findings. Ue can see that once the breadth 
of the math curriculum is taken into account, the Catholic sector effect on 
achievement is diminished, but the more equalizing effect evidenced by a higher 
SES/achievement slope is increased. When an additional adjustment is made for 
the number of math course required for graduation (for academic track student'j 
only), in fact the Catholic sector effect on achievement and on the ninonfcy 
slope are greatly magnified, uhereas Lhe SES/achievement slope effect i-, 
eliminated. Although the math requirements variable is not directly related to 
the curriculum for all students in a school, ue can see that the number of rnath 
offerings and the number of math requirements affer:t the Catholic -.eci'^r f -ct 
very differently. 
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These finding support the contention of tuo recent books on the effect of 
curriculum bi^eadth and variety on the equity of educational outcomes m ftnerican 
secondary schools (Cusick, 1983; Pouer, Farrar & Cohen, 1985). Both of these 
reports decry the expansion of the public high school curriculun over the last 
decade into largely non~acadenic areas, alloumg students toonany choices 
uithong providing adequate information about the sonetines damaging consequences 
of those choices, in ter;^5 of students' educational and professional futuretj. 

" Explaining ftuay" the Catholic Sector Effect . The final HLM second-stage 
model displayed m Column 6 of Table I is perhaps the more interesting set of 
results presented thus far. This model is considerably more complex than the 
other five models displayed m this table, since different variables have been 
introduced for each second-stage analysis. The final model is the result of 
considerable experimentation uith different sets of school factors. The exaci: 
variables in each "regression" are detailed m Table 7-A of the Rppendix, 
Houever , ue can see that this complex model has m fact 'explained auay" the 
Catholic sector effect on both the math achievement intercept and each of the 
slopes. As stated early m this paper, the aim of these HLM analyses uas to 
identify particular characteristics of schools that explain uhy Catholic 
schools seem to (a) induce higher average achievement m their students, and (b) 
produce these academic outcomes m a more socially equtable manner. 

f\. The Intercept. Those school characteristics uhich appear to account for 
the average math achievement differences betueen Catholic and public ^chool 
include the contextual variables (average SE5 and h igh-mi nor i t y enroilneni), as 
uell as three specific school climate variables. Please refer to Table of 
the Appendix for details. Most important (and highly and positively 
significant) is the average number of math courses students take in the school, 
Ue knou that, on average. Catholic school students take many more math courses 
than their public school counterparts, and so this factor served as a stronrj 
«;<planatory variable in "explaining auay" Cathol ic/publ ic achievement 
differences. Another significant factor is the disciplinary <:limate of ''h^; 
school. Since this variable includes both an aggregate measure of dis'up] iiicif y 
problems among students in their schools as uell a principaltj' ratings of ^he 
disciplinary climate of their schools, its effect is negative. H third (:lima^t' 
factor 15 composed of average student responses to a (Questionnaire item reKit ing 
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to the need for "more emphasis on basic academic subjects (nath, science, 
English, etc.)" (NCE5, 1380, p. 8-83). As the variable uas coded so that less 
academic emphasis received a higher rating, the effect is negative. Taken as 
tuo sets (contextual factors, school climate factors), controlling for these 
factors effectively eliminates the previously observed strong Catholic school 
achievement advantage. 

B. The Slopes. The set of school characteristics uhich explains duay the 
previously observed Catholic school achievement advantage for minority students 
is smaller. Taking into account the concentration of minority students in 
high-minority schools and the disciplinary climate of the school effectively 
eliminates Cat hoi ic/publ ic differences in the minority/achievement slope. R 
different set of school characteristics and policies explains the sector 
differences in the SES/achievenent slope. The contextual variables of average 
school SES (uhich explains the fact that more affluent students are likely to be 
grouped in more affluent schools, on average) and the number of math courses 
offered by each school together account for the sector differe ce on the 
SES/achievement slope. Although the Catholic sector effect on slope of 

academic background on achievement has never been large in the riodels presented 
thus far, that effect is totally eliminated by taking into account only tuo 
variables: the average academic background of students in each school (arirther 
contextual factor) and the variablity of math course enrollment in schools. 

Thus, the HLM technique has alloued us to isolate a relatively snail nuMber 
of school characteristics particularly contextual and school climate Factors 
— uhich completely explain tuo phenomena uhich have dominated recent research 
uhich has used HS&B to compare student progress in Catholic and public schools. 
These phenomena, highly debated and often discussed in the recent literature on 
school effects, are (1) the fact that Catholic school students exhibit higher 
achievement levels than public school students, on average; and (Z) the fa(.t 
that Catholic schools appear to more equitibly distrubute such achievement 
across all social strata. 

Hie rarchical Models on Math Course Enrollment . Table Z presents an HLM 
analysis roughly parallel to that presented above, except that u i thin- t,ch()ol 
regressions have computed the effect of minority status, SES, ..^nd academic; 
background on student enrollment in academic math courses. Since ue knou that 
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there is a strong relationship between math course enrollment and achievement in 
mathematics, ue uould expect a similar pattern of results. R high intercept in 
first-stage results uould indicate a school uhere the average of student course 
enrollment uas high. A lou slope on SES/course enrollment uould typify a school 
uhere social class uas not highly ralated to course choices. Other research 
(Lee, 1985) has shoun that these relationships also vary across school sector s, 
uith both minority status and social class less highly related to both course 
enrollment and to achievement in Catholic schools. Rgain, schools uilh high 
intercepts, positive minority slopes, and lou SES slopes uould be schools uhere 
students take many math courses and uhich are also equalizing in that course 
selection pattern. This high- 1 nt er cept , lou-slope pattern is the ideal, just as 
in the models uhich consider achievement. Again, the analysis involves a search 
for variables uhich fit this ideal. Houever , the models which examine math 
course enrollment as the first-*5tage outcoi^e are simpler and less numerous ^han 
those uhich ej^ammed achievement. 



Insert Table Z about here 



There are certain patterns uhich are similar to the achievement analyse^). 
Rgam, the sector effect on the intercept is decreased uhen average SES is taken 
m+o account, but continues to be highly significant (compare Column 1 i./ith 
Column Z results on the math course intercept, uhich goes fron 1.1 to ,8). It 
should be noted ttiat the metric of math courfs enrollment is in years of math, 
so that these Catholc sector effects are substantial. Rlso, the affect of 
school sector on the SES/course enrollment slope changes sign when school 
average social class is considered (compare Column 1 witti Column 2 results in 
Table Z on the SES slope). The sector effect goes from +.090 to -.1Z], w] th the 
latter coefficient close to statistical significance. On the other hand, the 
Catholic school minority slope advantage is significant in both instances, but 
in fact increases once average SES is taken into account. The additional 
second-stage contextual control for high-minority schools again makes little 
difference (comparing Columns Z and 3), since average SES is already taken into 
account . 
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achievenent across schools becomes considerably smaller (less than tuo points on 
a test uhose standard deviation is 7 points), once school average social (:la5S 
15 taken mtc account. In the case of math coui^se enrollr'^nt, the mean course 
enrollment differences betueen the sectors continues to be large and 
significant, even uhen adjusting for several school-level differences. f\ 
difference of .8 years of math for a variable uhose standard deviation is ^ .^l is 
considerable. Minority students m Catholic schools take over .3 years more of 
math than those in public school, even after the cross-sector differences in 
both social class and academic bc*3kground are controlled for, as uell as the 
contextual differences across schools and across sectors. This indicates that 
Catholic schools are both higher on aN erage course enrollment and more socially 
equalizing on course enrollment, the "ideal" situation. In contrast ui th the 
results of the last analyses, the effect of Catholic sector on the slope of 
academic background on the first-stage dependent variable s s ign i f ic icant and 
negative, once the school context factors are introduced. In effect, 
controlling for academic background m first-stage regressions is an attempt to 
adjust for intake selection differences. Future research uith HLM uill attempt 
to isolate the set of school characteristics uhich explain auay the even greater 
Cathol ic/puhl ic difference m math course taking. I suspect that restricted 
curriculum offerings uould be important to explaining the persistent Catholic 
school effects seen m Table Z. 

Cooperative Supression . Uhy does the effect of school sector on the slopes 
of both minority status and social class on either achievement or math course 
enrollment often increase or change sign once average social class is introduced 
into second-stage equations? This is an example of a phenomenon knoun as 
cooperative supression. Cooperative supression can be explained by the relative 
relationships betueen three variables such that the variables are "mutually 
enhancing" (Cohen and Cohen, 1975, p. 91). In the present case, ue observe the 
folloumg correlational pattern. Average social class and the SES/achi evement 
or SES/cour set ak mg slopes are positively related, as are sector and average 
social class. That is. Catholic schools have a higher mean SCS. Houever, sector 

s negatively related to the slope. Uhen tuo of the three r el at i on-ohi pe ars 
positive and the third is negative, ue find an increase in an effect uhen dll 
three relationships are simultaneously evaluated. This suppression phenomenon 
indicates that the variables should be evaluated only as a set and not 
independently of one another. That is. the effect of scnooi sector on the 1 1 ope 
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of either minority status or social class on either achieveneni or course 
enrollment should be evaluated only uith average social class being 
simultaneously controlled. The fact that additional control for high-m i nor i t y 
schools added little to the analysis is explained by the fact +hat these tuo 
context ual v an ah les are strong ly related to one another . 

Variance Explained Betueen Schools . Due to the more accurate estimation of 
parameter variances uith HLM procedures, ue are able to deter-^iine the proportion 
of variance in estimated parameters (i.e. school mean achievement, mean course 
enrollment, and slopes) explained by the various models investigated in these 
analyses. This is accomplished by comparing parameter variances left to be 
explained by second-stage models to that unexplained in unconditional models 
(i.e. those uith no second-stage variables). Table 3 presents the proportions 
of paramster variance explained b\ each set of second-stage variables making up 
the several models for mean school math achievement, and the betueen- school 
minority/achievement and SES/ achi evement slopes. Rs stated above, the effect of 
sector IS best evaluated simultaneously uith average school social class, 
because of supression effects. 
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Ue can see that sector pi us average social class toge + her account foj SZ,7 

percrnt of the parameter variance in mean achievement, 4<^.3 percent the 

mi nor 1 ty/ach levemeni slope variance, and almost entirely explain the 

SES/achi evement slope variance (an "R " of 89.9 percent). Hcwever , sector alone 

accounts for a much smaller amount of variance in both the intercept and tne 

SES/ach 1 evement slope. Recall that the sector effect on the SES slope changed 

from positive to negative uhen average social class was introduced { fahle 1 

shous the effect decreases from +.70 to -.38), so it could be assumed that the 

change is entirely due to che contribution of school social class. Houiever , the 
Z 

increase in the "R " for the minority/achievement slope bias raised considerably 
after including high^riinor ity schools into the model (compare seep-: Z(b) rind 
3(b) of Table 3). Looking doun the list as the models become more (:omplftti, it 
15 clear that additional variables contribute to the explanatory pouer of fh<* 
models. Houever , these additional variables (math oHerinrjs and ncJth 
requirements) add little more to the proportion of varianc'; eApJaineri m ^chool 
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achievement means, the minor i ty/ achi evement slope, or the SES/ ach i evemen t slope 
than the proportion of variance expl ained by only i^ector <3nd school context 
variables (Steps Z and 3). 

The pattern is slightly different for nodels uhich investigate math course 
enrollment m the first stage (see Table 4). Ir fact, sector alone explains a 
sizable amount of the variance in mean course enrollment (Z9.7 percent), and 
that proportion goes up moderately (to 53.4 percent) uhen average social class 
15 taken into effect. Recall that, m math course enrollment models (Table Z), 
the sector effect does not decrease as much uhen average social class is 
controlled for as is the case uith achievement. Notice that the sector effect 
on the SES/math course slope does not increase markedly uhen controlling for 
school social class ( ""rom 17.5 percent to 25.1 percent). The third model, uhich 
considers the additional contribution of high-m i nor i t y schools adds little to 
the explanatory pouer of the model on all three parameters, including the 
-"xnority slope. 



Therefore, ue see that second-stage variables can explain o sizable 
proportion of the variance m these betueen- school slope and intercept 
parameters (uell over 50 percent for the models on achievement, and over 90 
percent for the SES/achievement slope). The models do a better job of 
explaining achievement that math course enrollment, uhere the latter nodels 
appear to have a stronger and more "resistant" sector effect. Previous uork 
with si opes-as-out comes generally has found only modest explanation for the 
slopes, because the overall variance m the slopes uas not separated into it^^ 
parameter and random components. Of course, only the actual parameter variance 
XS explainable, and uith HLMs ability to isolate and quantify that portion of 
the overall variance, the ability of the researcher to identify the explanatory 
pouer of these school-level factors is considerably augmented. 

Slopes and Intercepts . R. SES on Math Rchievement. The premise upon uhich 
th IS paper began uas that the slope betueen social class and fiohievenent uari 
louer in Catholic than in public schools and the intercept (average dchj evemen I ) 
uas higher. In these analyses, ue have investigated thai olope and inters t»pt 
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extensively using hierarchical linear modeling. Figure 1 shous the HLM results 
from the analysis in uhich only school sector is entered as a school vanablvs, 
uith both the SES/nath achievement slope and the mean math achievement intercept 
adjusted for individual student minority status and academic background. We can 
see that the mean achievement differences uhich favor Catholic schools are 
considerable (i.e. the lines are quite far apart), but that the slopes for 
Catholic and public schools are similar < See Note 7 for the souces of 
information and method fo*" creating these graphs). Houever, where these sane 
results are adjusted for the social context of the school (Figure Z), certain 
changes are noticeable. First, both slopes are steeper (original slopes uere 
.74 and 1.44 respectively for public and Catholic schools; after adjusting for 
school social context, they climbed to 4.11 and 3.73), Second, unlike the 
pattern in Figure 1, uhere these lines uere almost parallel but the slope in 
Catholic schools slightly steeper, here ue see the Catholic slope slightly 
flatter. That is a confirmation of the fact that disadvantaged students benefit 
from Ca+holic school attendance. Uere these lines continued to the right, ^hey 
uould eventually cross, indicating that for the very most affluent students, 
public schools are likely to be better. That finding is consistent ith the 
findings of Raudenbush and Bryk (1986) and uith Greeley's (198Z) conclusions on 
the HS&B base-year sample. 



The pouer of the final model whose results uere presented in Col;jni) 6 of 
Table 1 -~ in uhich the Catholic sector effects on both mean achievemerit and i he 
SES ' achievement slope are explained auay can be demonstrated graphically. In 

igure 3, ue see that both the intercept (i.e. average achievement) difference 
betueen Catholic and public schools has virtually disappeared. Even more 
impressive is that the slope differences, as uel 1 as the nagnitude of the j ^nes 
themselves, have also disappeared. This graph dramatically demons tr at er, i^hai 
once the previously described sets of context and climate factors uhK^h viiry 
betueen Catholic and public schools have been introduced into the'^.e model ^, the 
schools are "identical", m terms of achievement levels and the sociril 
distribution of that achievement. 



Insert Figures 1 and Z about here 
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B. Minority Status on Achievement. ft similar set of graphs presents these 
sane analytic steps for the relationship between minority status and rath 
achievement. Figure 4 shous the analyses, uith the only second- stage control 
being for school sector. Under these circumstances, the slopes of the lines are 
negative in both Latholic and public schools (indicating that minority students 
shou louer averag^j achievement than i*»hites m both types of schools), but that 
the relative achievement differential for the tuo racial groups is greater in 
public schools (i.e. a slightly steeper negative slope for public schools). 
Also the "intercept" difference is less than for the corresponding SES/slope 
shoun m Figure 1. From this graph, ue could conclude that average achievement 
for all students is slightly less m public than Catholic schools, ar d this is 
especially true for minority students. 



Insert Figures 4 and 5 about here 



As stated earlier, it is inappropriate to evaluate the effects of school 
sector separately from the social context differences betueen the sectors. 
Figure 5 ( uhich corresponds to Figure Z for SES), shous the sector differences 
m the minority/ achievement slope, once social context is taken into account. 
The nature of the graph has changed considerably. Most noticeable, the slopes 
of both lines have turned positive. This indicates that uhen the fact that 
minority students tend to be concentrated m high- mi nor i ty (and louer-ChS) 
schools IS controlled, minority students achieve above uhites. Of course, these 
result's £ire also adjusted for student SES and academic background differences 
uithm each school. Note that the slope is eyen more steeply positive in 
Catholic than public schc , indicating that the adjusted "minority advrdntdge" 
IS someuhat stronger for the schools m the Catholic sector. However, the 
achievement differences betueen the tuo sectors, uhich favor Catholic schools, 
are someuhat stronger for this model (i.e. the lines are father apart than in 
Figure 4). 

The graphical representation of the final model on the m i nor i t y/ ach levemen t 
slope shoun in Figure 6 (also f'^on Table 1, Column B) looks surprisirig simildr 
to that for the SES/achievement slope shoun m Figure 3. I hat is, the iritc^rcept 
differences betueen the sectors is gor^, and so is the slope. Uhen that 
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particular set of school context and climate factors is introduced into the 
model , the schools m the tuo bector become synonymous m terms oi average matfi 
achievement and the relationship of minority status to achievement. Note that 
the statistical controls for the slope are exactly the same for the tuo modelo 
shoun m Figures 3 and 6, but that the particular school factors that explain 
auay the Catholic sector effect on the minor ity/ach levenent slope ( high-ninor i t y 
schools and disciplinary climate) are different from those uhich eliminate the 
Catholic school effect on the m inor i t y / achi evement slope (average SES and the 
number of math courses offered). This might be interpreted to j^ean that m 
addition to school context (important for both slopes), uhat makes schools more 
equalizing for minorities is a positive disciplinary climate, but uhat induces 
equality for students from different social strata relates more to 
curricular differences. Houever , since minority status and SES are far from 
independent of one another, it is likely that both a positive school climate 
and a more restricted curriculum relate to social equality in all schools. 



Thus, ue see that the hierarchical approach allows a more refined look at 
both slopes and intercepts than has been attempted m previous research on Iho 
question of the achievement and equity differences m Catholic and public 
secondary schools. Of course, such analyses make an assumption of a linear 
relationship betueen SES or minority status uith achievement, or betueen 
minority status and SES uith math course enrollment. That is, HLM belongs 
uithin the set of methodological tools uhich may be used to explore the general 
linear model. Houever, ue have been able to adjust these models For confounding 
variables both uithin schools (uhere academic background, minority status, and 
SES of students uere controlled for) and betueen schools (uhere the effects of 
school social context and certain school climate factors uere explored). Sint^e 
these analyses, as uell as many other research studies m recent year 5, have 
investigated the differential effects of Catholic and public schools, the 
ability to adjust for "selection differences" at tuo analytic levels reduces 
claims of selection bias even further. In fact, in one analysis, the belueer>- 
sector differences uere completely explained. 



Insert Figure B about here 
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DISCUSSION 



Hierarchical linear modeling has alloued the identification of specific 
school characteristics and policies uhich help to explain several relationships 
uhich are of primary concern in this paper: the relationship betueen social 
class and minority status uith math achievement, the relationship betueen e>ocial 
class and minority siatus uith ,iath course enrollment, and school means for 
achievement and for course enrollment. In fact, the major explanatory variables 
uhich have emerged from these analyses as predictors of all of the relationships 
of interest fall- into a small number of categories. First, ue have shoun that 
there are considerable differences betueen the schools in the Catholic and 
public sectors on these outcomes, differences uhich favor Catholic schools. 
Second, ue have seen that three sets of factors can effectively explain auay 
those cross-sector differences: (1) variation in the social context of schools 
in tr,e tuo sectors; (Z) variation in the academic and disciplinary climate 
among schools in the sectors; and (3) variation in curricular offerings and 
requirements. Results from previous research that have concluded that Catholic 
schools induce consistently higher mean a*:hievement and mean course enrollment 
iri their students must nou be someuhat refined. The Catholic schools' advantage 
in mean school math achievement and the more equitable distribution of that 
achievement appears to be explainable by the school-related factors described 
above. The fact that these Catholic sector advantages are explainable by a 
reasonably modest set of school characteristics and policies is noteworthy. 

In fact, the real value of HLM in this context is exactly the ability it 
affords researchers to ansuer this important educational question: Uhat are 
the specific features of Catholic schools that mak e them more egalitarian'^ From 
these analyses, a set of tentative conclusions may be draun. Specifically: 

c School social context is an important factor in explaining achievement 
and educational equity in both sectors. Although ujd knou that affluent 
students as uell es poor (or minority) students tend to be unequally 
grouped in schools and are more likelv *o be grouped uith studentr^ like 
themselves, ue knou that this is less the case in Catholic than m public 
high schools. Clep'-^y, schools uith high average SES ratings, and 
schools uhere there is a lou concentration of minority students, ^fuM) 
higher average achievement. Houever , if ue are interested in high 
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achievement being broadly demonstrated by students from a variety of 
social backgrounds, such concentrations of students m schools typified 
by extremes of social composition should be ameliorated, since they 
decrease equity uithm schools. This uould indicate that a broader 
distribution of social class and minority mix m schools should 
contribute to a more socially equitable distribution of educational 
outcomes - 

o School climate factors act as important determinants of both hiah 

achievement and equity. In particular (and not surpr i s i ngl y y , a positive 
disciplinary climate, uhere feuer students are involved in incidents of a 
disciplinary nature, induces high average achievenent for all students, 
and a more equitable distribution of achievement across different 
racial /ethnic groups. 

o R positive academic climate is likewise a strong determinant of high 
average achievement- That sort of climate uithin a school is 
characterized by a tiigh average math course enrollment among students, 
and by students uho believe their schools are not under emphas i i ng 
(?i:ademic subjects like math, scieice, or English. 

o Variations m school curricular offerings have some effect on the factors 
considered in this paper. Not only are schools 'jhere students take more 
math classes higher achieving schools, on average, bat schools uhK.h 
ofFer a more restricted set of math courses seem to promote a more 
equitable di st'" ibut ion of achievement across students fron different bLS 
levels. This might indicate that less choice was related to both liiqher 
achievement and more equitably distributed outcomes. Moreover, the'^e is 
some evidence that schools uhich shou more variability in the number of 
math courses students take promote less equality in the rel at i ons^h i 
betueen students' academic background uhen they (:opie lo high >,<:hool arni 
their subsequent achievement. 

These analyses have presented some hopeful empirical evidence about the 
ability to assess the effects of schools on students i ri several re^^pecto. 
First, it appears that thi'o relatively neu and eAperimental tc?chriiquc 'jbLjj lv-> 
tease out interesting school - student relationships that have been pose{.i t)y t)otti 
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researchers and school people for several year^i , uhereas the investigation of 
such questions has produced disappointing results in the pc,st . Although the HLM 
method requires extensive multi-level data on students linked to information 
about their schools, increasingly, large national studies are gathering such 
data. Although I have left the statistical discussion necessary to justify the 
use of tnis technique to other authoi^s (Mason et al . , 1984; Raudenbush and 
Bryk . 1986), it is hoped that the explicit descripti-^n of the use of this method 
uithin the context of a specific and appropriate school / student question has 
been useful to introduce users to this potentially valuable ne technique. 

There are certainly difficulties uith the uso of any neu technique that 
requires some acceptance on the part of researchers unfamiliar uith it. 
Houever , I am sure such difficulties befell early users of factor analysis, 
discriminant analysis, and even OLS regression. Nou these procedures are 
employed routinely in social science research. The use of HLM requires 
statistical assumptions similar to those made by OLS. Additional distributional 
assumptions are necessary for the EM computations of standard errors, as uel I as 
the hypothesis testing involved. Houever, the difficulties of more stringent 
distributional assumption-^ pre overcome by the advantage of HLM over OLS on a 
single dimension. That is, OLS assumes that uith i n- school relationships are 
identical across schools. As such, least squares regression assumes that the 
relationship betueen social class and achievement is the same in every school. 
Houever, in this paper ue have seen that these relationships vary cons idc^-^b I y 
across schools, and ue have seen in parameter variance estimates that after 
adjusting that relationshij for a moderate set of school-level variables, alnost 
all of that variation could be explained. In fact, many analyses in tne paper 
have used the variation in that relationship as a dependent variable. 

Second, and perhaps most interesting, is that the analyses: presented ui this 
paper, using the hierarchical linear modeling methodology, have been able to 
isolate certain school characteristics that seem to make a real difference ui 
both student achievement and the relationship betueen that achievement <ind 
social characteristics of students. On the basis of the results presented 
herein, ue are presented uith a list of important s„chool factors that seen to 
make a serious difference. Houever, the really difficult questions involve 
the implemen cat ion of fiiuiings described here. All of these questions ^.eem to 
begin uith ''hou." hor example, '*Hou may educators begin to implement a Ic.j. 
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stratified distribution of students into schools'^" Or, "Hou is is possible to 
encourage a positive disciplinary climate, or a climate uhere students reailv 
care about academe concerns in schools'?" Pe.^haps the hints about curr iv.ulam 
presented in this study are the easiest place to begin. 
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TECHNICRL NOTES 



1. The only circumstances under uhich aggregated and unaggregated parameter 
estimates are likely to be similar, according to Burstein (1978), are uhen 
one of the following conditions holds: 

(a) The grouping variable has no effect on the outcome, net of the 
covar lat e; 

(b) The grouping variable is independent of the covariate; or 

(c) The variance of the covariate at the individual and aggregated 
levels are identical. 

For investigating educational data of the sort treated herein^ uhere the 
outcome is achievement, the grouping variable schools, and the covariate 
SES, it IS hard to imagine that schools have no effects on their students' 
achievement except through their SES (condition a), that school grouping is 
not at all related to SES (condition b), or that the variance of SES at the 
individual and school -aggregat e level is identical (condition c). It is 
generally the case that the variance of the aggregated variable is much 
lower than the same variable in disaggregated form. Therefore, these ideal 
conditions seldom, if ever, exist when grouping is not entirely at random, 

Z. Mason et al . (1984) give substantial detail on the statistical 

conceptualization of both the jnacro and micro irodels, and the restricted 
maximum likelihood estimation procedure. Please refer to their chapter for 
details. Essentially the same details are provided in Raudenbush and Bryk 
(198B). I argue for the use of these procedures in the sort of research 
described in this paper, but leave these researchers to spell out both the 
details of the procedure and the statistical arguments for its 
appr opr i at eness . 

3. The academic background variable used in these analyses is constructed of 
the following variables: (1) whether student had college expectanons in the 
8th grade; and (Z) whether student had been placed in remedial math or 
English at high school entry. Clearly, this variable does not completely 
tap students' academic background before high school, but the tuo 
ccmpr.nents are highly correlated with each other, and highly correlated uith 
achievement. Intake educatinal aspirations have been shown to be an 
important selection criterion for Catholic and public school choice. 

4. Rn almost identical HLM model has been previously explored investigating the 
SES/ achi evement relationship without taking minority status into account. 
Since these two variables are highly correlated (negatively), the results 
for SES without minority status were considerably different. Including both 
of these demographic characteristics of students in first-btage models uas 
decided to represent the best conceptualization. However, the resuit3 are 
that SES/ achievement slope results in these analyses appear considerably 
weaker. Each effect is net of the other. 

5. The percent of minority students enrolled in the school uas first 
invest igat ed empl oyed as a cont i nuous var lable . However , if appear-, thri t 
minority enrollment in the school has little impact on average academn^ 
performance of students at low proportions. Uhen the minority enrollment 
reaches about 40 percent, mean school achievement appears to deteriorate -iS 
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a result of minority enrollment, on average. For that reason, a dummy 
variable uas constructed, uhere schools of less than 40 percent minority 
enrollment uere coded 0* and those uith 40 percent or more minority 
enrollment uere coded 1 . f\ithcugh it could be considered that schools 
coded 1* might be called "segregated schools", the same uould certainly be 
true for those coded 0 uhich enrolled no minority students at all. 

Figures 1 through 10 have been constructed from data presented in ftppendiA. 
For example, the intercepts and slopes for Figure 1 come from Table Z-A 
results. Intercept figures are 9.596657 (the BASE) for public schools, 
(9.596657 + 3. 63Z763--BASE + sector effect on BASE) for Catholic schools. 
The intercept figures are those uhere student SES = 0. Slopes are .740732 
for public schools, ( .74073Z + .700068) for Catholic schools. Figures Z and 
3 results come from Tables 4-A and 7-A, and are constructed in the same 
manner. Results presented in Figures 4 through 6 come from Tables Z-R, 4-A 
and 7-A, respectively. Tables 7 through 10 use information from Tables Z~B 
and 4-B in the Appendix. 

Graphs of the SES/achi evement slope are created by computing the appropriate 
intercept figures at SES values of -1, 0, and +1, given the slopes. These 
SES figures are equivalent to louer-middl e , middle, and up *r-midc,ie class 
students. Recall that the original SES /ariable has been standardized on 
the Catholic sample, so the mean of 0 is "middle class" for students in 
Catholic schools. Of course, the presentation of these results assu'^es a 
linear relationship betueen SES and both math achievement and math course 
enrollment. This linearity is a^^sumed throughout all analyses, in fact. 
Graphr. of the minority/achievement slope are compute for values of ^^ 
(uhite) and '1' (minority), in the manner described for SES. 

Of the three achievement outcomes available for both 1980 and 198Z seniors 
in the HS&B study, mathematics uas selected for several reasons. First, the 
math tests have been shoun to be the most reliable of the HS&B base*year 
tests ( Heyns & Hilton, 198Z). Second, math is the test uhere particular 
courses in school are dirertly related to achievement (not so true for high 
school students in vocabulary or reading, the other tuo HS&B tests). Third, 
it has been shoun that progrecs in mathematics is less related to 
characteristics of the home, and more related to school based factor -j. 
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Table 1 



The Change in the Effect of School Sector on School Mean flath Achievement, 
Minority 'jroup/ftchievement Slope, SES/ftchievemenf <^lope, and ftcadepiic 
Backqround/Fichievenent Slope When Selected Factors are Controlled For 

1 

Effect Estimates of Sector From Second-Stage ftnaiyses 



(2-fl) 
SECTOR 

4,5 

Sector 
Effect 
on: 


( 3-^) 
SECTOR, 
flVSES 


( 

SECTOR. 

ftVSES. 

HIMTYSCL 


( b-Pi) 
SECTOR. 
ftVSES. 
HIMTYSCL. 
MRTHOFF 


( 6-ft) 
SECTOR. 
flVSES, 
HIMTYSCL. 
MATHOFF. 

MflTHREQ 


(7-ft) 
SECTOR, ftVSES. 
HIMTYSCL, 
ftVMTHEMP , 
ftVLftCKftC . 
DISCLIM, 
MftTHOFF, 
ftVftCDBGD, 
SDMTHEMP 


Achievement *** 
Intercept: 3.63 


« * 

1 .38 


*** 

1 .98 


1.17 


♦ # * 

Z . 1 1 


-. 17 


Minor ity/f^ch. *♦ 
Slope 1.85 


1 .Z5 


1 .21 


1 .Z8 


* ♦ ^ 

2.38 


.Z7 


SES/A'jh. * 
Slope: .7® 


-.38 


-.39 


-.86 


" .09 


- J8 


Academic Bkrd/ 
Rch. Slope: .36 


~ , IZ 


-.13 




- . 17 





ftll analyses have been weighted at the second stage, using the school 
ueight supplied from the HS&B study. First-stage ( ui thin-school) 
regressions are unweighted, siure sampling uithin schools uas close to 
random. Weighting applies to all analyses in this paper. 

These numbers refer to the computer output from HLM runs presented 
in the Appendix. 



In this analysis, different school-level factors are entered into the 
analyses for each first-stage outcome. Only SECTOR is included in ail 
analyses. For details of uhich factors uere used to predict each factor 
(average achievement or each of the 3 slopes), set.* fa^le 7-ft in the 
Rppendi)^ . 
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4 

Effects are presented as BannoC * ^ coefficients fron HLM analyses. 
These are roughly equivalent to unst andardized regression 
coefficients. The neans for these "variables" (which include 
adjustment for firdt-stage variables) evaluated before any second-stage 
regressions are performed are: IRTMRIH: 11.3®; Minorty/ftCH: -K45; 
SES/flCH: l.®9; flCDBKGD/flCH: Z.51. 

5 

Nominal significance levels arc? taken from the Z-statistics of 
Tables 1 -R through 7-fl of tiie flpnendix (* ^ p < .05; = p < ,(d\) 

**♦ = p < .^1 ) . 
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Table Z 

The Change in the Effect of School Sector on School Mean Math Coursetaking 
Minority Group/Math Course Slope. SES/Math Course Slope, and ficadepii c 
Background/ Math Course Slope Uhen Selected Factors are Controlled For 

Effect Estimates of Sector Fron Second-Stage Analyses 



Z.3 



Sector 
Effect 



1 



( 2-B) 
SECTOR 



( 3-B) 
SECTOR, 
RVSES 



(4-B) 
SECTOR, 
ftVSES, 
HIMTYSCL 



Math Course 
Intercept : 



1 . 106 



.818 



* ♦ * 
.819 



Minor ity/Mat h 
Course Slope: 



Z83 



* 

,337 



.335 



SES/Math Course 
Slope: 



IZ 1 



1Z3 



Rcadenic Bkrd/ 
Course Slope: 



.064 



1Z3 



These figures refer to full computer output from HLM runs presented 
in the Appendix. 

?_ 

Effects are presented at, GannQ( * ) coefficients from HLM analyses. These art 
roughly equivalent to unstandardized regression coefficients. The means 
for these variables before any second-stage variables are entered are: 
MATHEMPH: Z.1Z5; Mi nor i ty/MTHEMPH: .Z06; SES/MTHEMPH: ,304; 
ACDBKGD/MTHEMPH: .5Z7. 



Nominal significance levels are taken fron the Z-statistics oi 
Tables Z-B through 4-B of the Appendix { * p .05; ♦* - p 
*** ^ p < .001 ) . 



.01 



ERLC 



-Multi-Level Causal rlodel'-.- 



Table 3 

Percent of Variance Explained in Rverage Math ftchi evement the 
Ml nor 1 ty/ftchi evement Slope, and the SES/ Rchi evement Slope 
by the Addition of Various Second^Stape Varidfales . 



Additional Variance E)^plained in (a) 

(b) 
(c) 



Average Math Achievement 
Minority Group/ Achi evenent Siopt 
SES/ Achi evenent Slope by: 



1. SECTOR 

i 

(a) 16-2% 

(b) 38-5X 
(c> 8.0% 



Z. SECTOR + AVSES 



(a) 52.7% 

(b) 40.3% 
<c) 83.9% 



3. SECTOR + AVSES + HIMTYSCL 



(a) G0.3% 

(b) GZ.7% 

(c) 90. G% 



4, SECTOR + AVSES + HIMTYSCL + MATHOFF 



<a) £0.0% 

(b) 59.8% 

(c) 93.8% 



5, SECTOR + AVSE5 + HIMTYSCL + MATHOFF + MATHREQ 



(a) G0.2% 

(b) 59.8% 

(c) 96.2% 



1 

The nethod used to calculate these increments m explained parameter 
variance involves the explained parameter variances presented at the 
bottom of Tables 1-A through G^A in the Appendix. Comparing explained 
parameter variance in Math Achievement (BASE) on the unconditional 
model (1-A) uith that in the model uhere only Sector 15 added 
the computation is as follows: 

(I0.415Z4 - 8.73314) / I0.4I5Z4 = .IBIS - iB.?7o 
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Table 4 

Percent of Variance Explained in Rveraqe hath Course Enrollment, the 
Minor itv/hath Course Slope, and the 3ES/hath Course Slope by the 
Rddition of Various Second-Stage Variables . 



Additional Variance Explained in 



(a) Rverage Math Course Enrollnent 

(b) Minority Group/Math Course 

( c) SES/Math Course Slope by: 



1. SECTOR 

1 

(a) 2S.7X 

(b) 17. 5X 

(c) 40.6% 

Z. SECTOR + ftVSES 



3. SECTOR + 



(a) 53.4% 

(b) 

(c) 47. 4X 
ftVSES + HIMTYSCL 

(a) 57.8% 

(b) Z9.I5: 

(c) 54.1% 



I 

The method used to calculate these increments in explained parameter 
variance involves the explained parameter variances presented ai the 
bott om of Tables 1-B through 4"~B in the Rppendix. Comparing explained 
parameter variance in Math Course Enrollment ( BRSE ) on the 
unconditional model (1-B) uith that in the model uhere only Sector 
15 added (Z-B), the computation is as follows: 

(.5785Z - .40BB4 ) / .5787Z = .2973, or Z9.7% 
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FIGURE 1 

HLM Results of Slope and Intercept for SES on Math Achievement: 
No Control for Any School-Level Factors 




FIGURE 2 

HLM Results of Slope and Intercept for SES on Math Ach i evennp.ntj 
Controls for Averagre SES ana Hi grh"Minor i ty School 
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FIGURE 3 

HLM Rejultj of Slope and Intercept for SES on Math Achievement: 
Controls for Full Model to Explain Away Sector Effect 
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FIGURE 4 

HLM Results of Slope and Intercept for Minority Status on ^iat^. ^c-- . e ^eirier; t 

No Controls for SchoohLevel Factors 




FIGURE 5 

HLM Results of Slope and Intercept for Minority 9tatu3 on Math nch , evsiTeo*: 
Controls for Averaye SES and Hi-Minority School 
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FIGURE b 

HLM Results of Slope and Intercept for Minority on Math Ach i evemen^: 
Controls for Full Model to Explain Away Sector Effect 
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Intercept Controls: 
AVSES 
HIMTYSCL 
AVMTHEMP 
AVLACKAC 
DISCLIM 



Catho i I c Schools 



Pab lie Schools 



Slope Controls: 
HIMTYSCL 
DISCLIM 



iAJhites 



Minorities 



Race 
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APPEND I / 



COMFUTER Gli^PLr FROM H lEPnRCH I C^^L ' ::itfnP ^^CDElING TRCGF-" 



'atie HLn flodel of Minority Status. jES , and Mcgdef^^i? Fc 

^^chxeve^ne^t : Unconditional Second t"^eQe 



i ^ 5 1 age 1 
Stage 2 



IRTMATH = MNRTVa® + SES + riCDBKPD 
Uncond 1 1 1 ona 1 ^ 0 ) 



-^t 'Sfif'fM^^ ♦ ;-STnNDAPD ERROP-Z STATISTIC TABLE: 
GAMMA( ♦ ) STANDARD ERPjR 



^cr BASE 
B^iSE 

For MNRTY80 
BASE 

For SES 
BASE 

Por ACjBKGD 
BASE 



1 .304647 



! .448585 



.0351 7^ 



)'^ATISTIC n- ^n^'^E 



.259406 



. 150750 



. 1 49445 



I 1 0447 



41 . 9b ' 



-4. ^ 30 



ThE PRECEEDING GAMMA(v) TABLE RE^^LECTS THE SPECIFIEG '^EI^H^T.' 
■His ANml/SIS UA5 WEIGHTED USING TRIilWT 



HE CHI SQUARE TABlE: 

ESTiriATED PARAMETER DEGREE 
PARAMETER UARIANCE CP FREE 



BASE 
MNRT/80 slope 
5ES blope 
ACDBKGD slope 



ly. 415:4 

6 .20264 

I . >^ 

.77102 



I ! b 
1 ' 5 

1 : R 



4b 



Table l-n: d LH Model of Minor ii/ :tR^i.5 Itl . n.r -^zz^re-.: . 

^chievenen^: Sc^'czl Sector et irccr.j :tf.- >r. 

Stage 2 : SECTOR 

T^E '3^M[1h' * /-E^nfirAPD E^FOF-Z S'T'^TISTIC "^hPiE. 

GfiMt^,i>*) STANDARD EFROP T :T-^:E'^:: ^- 

^or BFiSE 

bASE 9 . 5358E7 3443Z4 Z^^ . S'J i ^OJ 

SECTOR 3.63:75: .4ssng ^.z^rz 

For MNRTY80 

BnSE -2.333065 .42G:37 ~E.aS4 

SECTOF 1.348733 .523^2: Z.SCS .,2^ 

^jr SES 

BrSE .740732 .3::'::s2 :.-4S 

SEC-TOR .700OB5 .2S"Si2 2 3?' .22 

For hCDBKGD 

EASE 2.335<350 . ^ EbS44 :4.rS2 .22 

SECTOR .35107^ .22ES02 ^5-: 

T^E PPECEEDING GnMMA( ♦ / TABLE REFLECTS i HE EFECI-iEC ^'ElC-^I'Jr 
'^mIS anal fS 1 5 l^AS WEIGHTED L'ST^G triniwT 

T-E CHI SQUARE TABLE: 

ESTIMATED PAPAMETE- DEGREES 
PARAMETEP 'variance 2f^ ^-EEDCti r:.— . 

'iriPTrS0 3 lope 3.S:':hS ^ 2:^ 2 

SE2 slope 1 . '2E-i] ^ : 2. - 

ACDEKhD 5i'pe .S2S2' -'2 ".2 2' 



4/ 



L-r. le J-^*: HLf't Model of f'U nor, r, -:t,~^t'j5 
^ : h 1 e V e n e n t - 5 c h :: c 1 5 e c t c r : 



)taQe . 



n^jdei: Stage 1: IRTMhTH ^ MNR7Y30 ^ 
Stage I: SECTOR + 



rHE r:,HMMA< * ^-STANDARD ERROR-Z STATISTIC TABLE. 

'oMm( * > STANDARD EPFOP 



For BASE 

S^^E n. 033445 .340453 33.5^5 , ,\>J 

-^^^SES 4.030251 .583835 .O^Z^^. 



SECTOR ]. 975706 .455654 
MNRTV50 

BASE -]."54q3t .580335 ~3 

n^SES .83005G .5543"^ .5' 

SFCTOR 1.350473 .735004 

5ES 

BASE 1.573G37 . 33^^445 7.:: 

^^SE5 3.433535 .376055 6.4' 

SECTOR -.377334 .396505 

ACDBKGD 

BnSE 3.743560 . > 3335'" *4.5 

AMSES 1 .105473 .315753 3 -Z 

SECTOR -.123013 .34733'^ -.4- 



"^mE PPECEEDING GAMMA( * ) TABLE REFLECTS T^E SPECIFIE': 
THIS ANAL f SIS i>JAS WEIGHTED USIMG TRiriWT 

•-E CHI SQUARE TABLE: 

ESTItlATEu FAFAMETEF jEGFEE- 
PARAMETER VARIANCE > -PEED:"! 



-^^^E 4.S30I5 i!4 

MriPT/b0 slope 3.70073 

3ES 5 1 ope .1 2334 ' ' i 

A'T'BhGD slrpe .50530 ! ^ 



ERIC 46 



f^chievenent : School Eertor. '-^.e--: 



En rollnent at Secong Stage . 



^icdei: Stage I: IRTMATH - MNRTr50 + SES ^ mC^p. 
Stage :: SECTCP ^ n^JSES + HIMT^'SIL 



FHE 'chMMn * ''-STANDARD ERRCP-Z S^nTlS^IC TAElE : 
Gftf1MA< * ) STANDARD ERROR 



BnSE 

hw'SES 
SECTOR 
HIMTtSCL 



I 1 . 17Z555 
3.594848 
1 . 38: 430 

-:'.:4Gec3 



. J/ t_ 0 wl vJ J 

.551 30g 
.43:^331 
. ;E3573 



:4.S'" ■ 

g.eb: 

4 . ^'^ 



F^r :^NRT/30 
BhSE 

nUSES 
SECTOR 
MlMTrSCL 



1 . 954373 
! .545733 
1 .3QG306 
:. 893047 



.56535^ 
. SG3i'53 
.704303 
.57337' 



For SE5 
BnSE 

tiUSES 
SECTOR 
^I^T/SCL 



1 .660] 39 
3.517650 
-.331833 
. 5 0 3 7 B & 



,331873 
, 337573 
. 301 57^ 
,453530 



AUSE5 
SECTOR 

HiriTvSCL 



3 . '734537 
.334153 
- 133335 
-.540137 



, 1 SSB'^E 
. 317 ' £4 
.345304 



THE RRECEEDINC- iShhhAi * . TABlE ^ERLECT: 
THIS nf^ALfbTS WnS WEIGHTED USI^iO TR : 



^H£ :fe3: 



THE OHI SQIiHRE TABLE: 

ESTIMmTED P:^f=h!iE^3^ OEOREE? 
PARAMETER 'JARIANCE SF -^EEC: 



BASE 

riNRT r'80 5 1 }pe 

3ES 5lope 

AlGBKGD slope 



4. 1 3448 
3.31 • 34 
. I i 453 
.5501 0 



ERIC 



Table 5-h: hLN Model of Minorit/ St.. tijs. bbr , ctrd ncgqqpic ^3 .\ qcj ^joc it 



nch 1 evement : Schc "> 1 S e c t c , ^^veraae £c z xai Ciasz 
Enroilnent . and Number Math Courses Offered d ^ 



Mcdel: Stage 
5 1 age 



I : IPTflATH = MNRTY80 r SE5 + nCDEKPD 
SECTOR + ^USES + H.nT/SCL + ^"IpTHl--^ 



THE Gf^HMA( * '-STANDARD ERROR-Z STATISTIC TABLE: 



Per 



BASE 
BASE 

AUSES 
SECTOR 
HIMTY5CL 
ilATHOFF 



GAMMA( ♦ 



STANLARD ERROR 



1 1 .083590 
3.651236 
Z. 003528 

-2.251467 
.006201 



.603040 
.595576 
. 4371 S8 
.752657 
.035395 



.0221 



■or MNRTY80 
BASE 

AUSES 
SECTOR 
HIMTYSCL 
MATHOFF 



. 924S34 
. 189333 
.41742B 
.698215 
.072810 



1 06434 
946337 
742975 
83752^ 
065345 



. 90c 
. 005 

."^ ^ p 



or 



BA2E 

AUSES 
SECTOR 
HIMTV5CL 
MATHOFF 



.334090 
:. 159613 
-.223204 
.430708 
.062345 



. 42'- 574 
.4 1 9940 
■ 304':22 
,451515 
n"^7.^qR 



Per ACDBKGD 
BASE 

nUSES 
SECTOR 
HIHTf SCL 
MATHOFF 



1 8S425 
74306 1 
010571 
772581 
045338 



.34958" 

. 34^'3b^ 

.252039 
.403369 
.022741 



iHE PRECEEDING GAMMA< ♦ * TABLE f^EPLECT3 ThE 
FHIS ANALfSIS WAS WEIGHTED USING ^PiriWT 



THE CHI SQUARE TABLE: 

ESTIMATED PARAMETEF l-ESFEE 
PARAMETER vAPIANCE OF F-EE 



EASE 
MNRT/S0 ilope 
SES slope 
AOCEmSD slope 



^. 1 4243 
2.49293 
.04575 
. 55455 



ERLC 



5(i 



Textile 5"h: 



nc hieveP9ent : School Sector. Pi.erage SuCial Ll3;5. fii-:.r '].r 
Enrollment. Number .of Math Course 5 Qf'^.^ed, i>rd il-^^i^tjer 
Courses Required at Second Stage . 



Hcdel: Stage I: IRTMATH = MNRTY80 + SES ^ hCDBHPD 

Stage 2: SECTOR + MSES + HIMTVSCL + MnT^OFF ^ m^-.,^. , 



THE GAhN^ * '-STANDARD ERROR-Z STATISTIC TABLE: 





GAMMA( * ) 


STANDARD EPROP 








BASE 












BASE 


1 1 .516589 


.694418 


1 5 


r)-:}5 


, '> 


AVSES 


3.710021 


.589026 


B 


1 83 




SECTOR 


z. n 1473 


.445351 


4 


"^'36 


> ^->' 


HIMTYSCL 


130326 


.757847 








nATMREQ 


-. 271506 


.2^5242 








riATHOFF 


.00B872 


.0394"g 









For 



MNPTVS0 
EASE 

A'jSES 
SECTOR 
HIMTYSCL 
MATHREQ 
MATHOFF 



315767 
174208 
282540 
555851 
236662 
074504 



2359S5 
.853380 

'90883 
.304146 
.421 330 
.065677 



jr SEB 
BASE 

AUSE5 
SECTOR 
HIMT/SCL 
.'lATHREQ 
MATHOFF 



315520 
256264 
088767 
534344 
301 1 21 
061 533 



50 1 "7.3 
, 4254"7 
31 2588 
4508:3 
'58342 
027572 



^ ")r nCDB^'GD 
BASE 

AVSES 
SECTOR 
HIMT/SCL 
MATHREQ 
f'r.THOFF 



' .645438 
.671768 
-. 1 70231 
-.925654 
.355086 
.044580 



.388: 17 
.34^:4 1 
.2570-70 
. 4057: 4 
. 1 25 T'^a 
.022548 



THE PRECEEDING GAMMA( * ) TABLE PEFLEC"^t THE -PECIF:L3 .-II-- 
THIr ANALYSIS UAS WEIGHTED USIfIG ^FIMUlT 



THE CHI SQUARE TABLE: 

ESTIMATED PAPAMETPp r-FGFEES 

PnRAMETER l^APIANCE ~^ !-FEE30^ 

BnSE 4.16250 ' ' 

M[JPT/:0 slope 2.46727 

oES slope .07547 l ' 1 

ACCBKGD blope .53932 l ■ ' 

Er|c 5 I 



i-iLf1 Model of Minor it y 3t lu5 



Second- St ag e 



rirst-Staue Qutcoi^e , 



Mr del 



1 1 ege ■ : 
3 1 age 2a ; 

3 t -3 y ^ b ' 

S t age 2c ; 
S t age 2d '• 



IRTMATH = MNRTV30 + SE5 + hCDBKFD 

(on Average Math Achievement^: 

BASE = SECTOR + AUSES + HIMTFVSCL + m ;mt..,: 

(on Minor it y/Achieverieot slope.: 

MNRTY/ACH = SECTOR + HIMT^SCL + DISCuI^^ 

(on SES/ Achievement slope): 

SES/ACH = SECTOR + AIDSES + MATHOFF 

'on Academe Bac ^ ground / Ac h i ev e^^ien t - 1 ope . : 

ACDBKRD/ACH = SECTOR AUACDBGD + ^uMTHt^^iP 



"HE GAnMAr * :-STANDARD ERROR-Z STATISTIC TABLE: 



GAMMA( * ) 



STANDARD ERROn 



rAI IS" 



BASE 
BASE 
AUSES 
SECTOR 
MIHTYSCL 
AWMTHEMP 
AijLACKAC 
DI3CLIM 



0.335327 
2.47G4I0 
168739 
■1 .885892 
1 .521446 
■1 .067842 
-.494594 



. 0 .J 7 9 9 
, 527272 
,544027 
.6923^2 
,234599 
,b'^577S 
^56941 



V. ^■ 



For 



MNRTY80 
BASE 
HIMTVSCL 
SECTOR 
DISCLIM 



-1 .730249 
1 .9931 U 
.213221 
-.987549 



. 5^2465 
.745779 
. 397 I 63 
.455234 



DC J 

BASE 
AUSES 
SECTOR 
MATHOFF 



1 .953956 
131624 
.051573 



. 409862 
. 355035 
.299433 

rx -> rr T o 



ACDBKGD 
BASE 
AUACBGD 
SECTOR 
SDMTHEMP 



. 404 r 6 0 
. 71 7031 
.003725 
.931710 



. J - 2 B 
. 249395 
. ^'86 D 



PRECEEDING GAMMA(*) TABLE REFLECTS THE 3rECI^:EC 
T. IS nNnLiSIS IJAS WEIGHTED USING TPIMUT 

ESTIMATED PARAMETER jEGFEtS 
PARAMETER 'VARIANCE OF FRE£Dr.ri 



BASE 

fir^PT'i' dO sL^pe 

:ES ^l<_.pe 

hL Lof' GD b 1 (jpe 



3. 13021 

.:i 442 

.41 334 



ERIC 



5Z 



ERIC 



lev bit: i -G: H L li ['"o de 1 o ^ f 1 1 nor 1 1 y S t a I 'j ^ , 5 £ 3 . and -i : d u e i : 
Course Enrol ir^ient : Unco n d i t j. o n e, 1 I euCn d Jt 5ce . 



£tayc 2' Unconditional G ■ 



THE -SnMMAv * '.-STANDARD ERROR-Z STATISTIC TABlE: 

aAMMA^*^ STANDARD ERROR : SrATISTI; 



For BASE 

BASE 2.124694 .062428 :4.034 

Per MNRTV30 

EASE .2^26^512 .073241 2.10'^ 

SES 

For ACDBKdD 

EASE .5271G0 .C23272 22.SS2 

THE FRECEEDiriG GANMA( * ; TABLE REFLECTS THE SFECIFIED wEIG-TirjG 
This ANALYSIS WAS WEIGHTED USING TRIilWT 



'HE :hI SQUARE TABLE: 

ESTIMATED PnRAMETER DEGREES 
PARAMETER 'JARIANCE OF FREEDC:-^ "HI EGur^rr 



;ASE .57872 lib 

^1NRTi'30 slope .31293 i WS 



re::: d i -jpe 



. 05 37' 



:ct'^ju n ^ '_' p e . -* _ . 



5j 



HLH riodel of [Minority Ct^t 



- L. 5 , CI :: , 5 M ri C a ,j e rn ; 



bourse Enrollr^ent: School S^cijc at ScccnJ Ttfiur. 



icdei: Stage 1: rinTHEMPh = firjPT,30 f 3ES f -CCEr".D 
^ t aye 2 • BEC TOR 



The of^lIMn' * ;-BTr^UDMRD ERROR-Z STnTI3TIC ThELE: 
GAMMf^i * i STAfJDARD ERROR 



?TnTlSTir 



For BASE 
BASE 
SECTOR 



.50:547 
. 106346 



. 07334^ 
. 10B368 



10.4] ' 



Ror- MNRTYB© 
BASE 
SECTOR 



.030397 
.333004 



.091036 
. 1 34017 



fnr SES 
EASE 
SEC TOP 



,3S0c90 
,090437 



.043543 
.053215 



454 



For ACDBI^GD 
BASE 
SECTOR 



,555580 
.0B358S 



.03] 554 
.04593: 



. 477 
■1 .384 



<J' J 'O 

15E 



THE PRECEEDIN5 GAnMA( ♦ ; TABLE REFLECTS THE SPECIFIED wEI3HTrii: 
THIS ANALVSIS WAS WEIGHTED USING TRIMWT 



THE CHI SQUARE TABLE; 



PARAMETER 



ESTIMATED PARAMETER DEGREES 

VARIANCE OF FREEDC^I 



:HI SCOrRE 



E AEE 

M!.jRTr'S0 slope 

^E 5 si ope 

ACCBKGD slope 



.40564 
.358:7 
.05553 
.041 44 



1 5 



" 0 . 0 : 



54 



TdDle :-B: HL M (icde. o i 



}ur se hnr c i 1 i^ent : 



^ or a r d n , 



Stage Z: SECTOR nV'SEb 



THE bhMMf^i * '-STAfJCnRD ERROR-Z ST«-^.T:3^IC TnELE. 

GnMMA( * ) ^TnNDhhD ERROR 



For B^^SE 
BASE 

(^•J5E5 
SECTOR 



.SSIZZS 
.71 1 s:3 
.817a4Z 



. ; Z 1 5 1 I 
. ■ Z/Z^ZO 



For MNRTV80 
BhSE 

nUSES 
SECTOR 



.0ZBZ75 

■.Z04iC'g 

. Z37Z E S 



hor Dt^ 
BASE 

hUSES 
SECTOR 



.4535:Z 
.5053 1 9 
1 Zl S01 



. 05043] 

. <J ^ I ^1. 



3 5 Z 
ZZ4 



ACDBKbD 
Bn SE 

n'JSES 
SECTOR 



.50Z7S6 
. 1 ZS9Z5 
. \ ZZG75 



. o 3 Q ; _ 
. '\j t tj tL' 1 

. 051 ^ZZ 



ThE FRECEEDING 5AMnA( * ) TABLE REFLECTS TME 
THIS Af^iALrSIS WAS WEIOhTED USItiO TRir^>jT 

T-iE CHI SQUARE TABLE: 

ESTIMATEO PfiRnMEiEF T 
RARAHETER 'JARIANCF -F 



r^NRrV80 blc'pe 
SES 5 i ope 
ACOEhOD r^iope 



.05349 
.ZZ:45 



ERLC 



5 J 



^^D.e ^-6. HlM Model of Minority ^tr^t^j^, =F 
L> u r 3 6 £ n roll ment of zCV'J'jI 5 , t 



f1 1 nor 1 1 / bnnn 1 1 nen t .^t_ 



Mor::: Siege 1: flATHEf^PH - MNRTroO -^ 
Sinye :: SECTOR t r^^;5E5 ^ nlir 



THE '"-hMi^h^ 



Er.r BnSE 
5nBE 

SECTOR 
HiMTrSCL 



ir^N'DnPD ERPOP-Z STrtTISTIC Tr^ELE- 



I .876 12? 
.551 965 
.31 9^6-7 



C74S0T' 
. I 70547 



:.r MNRTV80 
EASE 

nl.'SES 
SECTOR 
HIMTt'SCL 



- .01 1 "08 
-.087486 
. 334844 
.506654 



1 75085 
1 8^5] 1 
158705 
707353 



BnSE 

SECTOR 
HIMTrSCL 

^^r nCDBhCD 
BASE 

nU8ES 
SECTOR 
HIitTVSCL 



.450951 
.515875 
. 1Z315U 
. 06337L 



.51 :79: 
.088133 
171 975 
-.701547 



.051 71 1 
.083050 
.067677 

, ;078"1 



, 06833 1 
.051 57^ 
.087070 



THE PRECEEuirJG GnMMA^ * ; TABLE REFLECTS ^^E 
^HIS ANALYSIS UA8 WEIGHTED USING ^RIMUI 

CHI SQUARE TABLE: 



b . 804 



PnRhMEFEP 



BASE 

[•lflRTr'80 slope 

E D 1 p e 

^^ [' B H D i o p e 



. 2447^ 



ESTir^ATED PARAME^^F JcSr 
L'AP'ANCE 'if^ Ff 



ERIC 



